Abstract. We examined the effects of the timing of cumulus cell removal from in vitro-matured (IVM) bovine oocytes on enucleation efficiency and subsequent in vitro development after nuclear transfer (NT). Cumulus cells were removed from IVM oocytes by pipetting, by low-speed vortexing and pipetting or by high-speed vortexing at 12, 15 or 18 h of IVM, and then denuded oocytes were further cultured for 6, 3 or 0 h, respectively (18 h of IVM in total). There was no difference in the rate of extrusion of the first polar body (PB1) among the groups. The success rate of blind enucleation of oocytes denuded at 12 h (before PB1 extrusion) by high-speed vortexing (81.7%) was significantly higher than that of oocytes denuded at 18 h by high-speed vortexing (67.8%) but similar to those of oocytes denuded by pipetting after low-speed vortexing (78.6-84.1%) or pipetting alone (84.6-86.9%). After high-speed vortexing, the percentage of oocytes in which metaphase II (MII) chromosomes were located adjacent to the PB1 tended to be lower for the oocytes denuded at 18 h than that for the oocytes denuded at 12 h. In contrast, by pipetting or low-speed vortexing and pipetting, the timing of denuding did not affect the relative location of MII chromosomes. The timing and method of denuding did not affect the fusion and blastocyst formation rates of NT embryos. These results suggest that high-speed vortexing is applicable only to cumulus cell removal from oocytes prior to PB1 extrusion, while pipetting or low-speed vortexing followed by pipetting is useful regardless of the PB1 formation status and leads to successful blind enucleation of IVM oocytes.
(J. Reprod. Dev. 58: 615-619, 2012) E nucleation of recipient oocytes is an essential process in the production of nuclear transfer (NT) embryos. Although the nuclei of mouse and rat oocytes can be observed and removed under an inverted microscope, it is difficult to observe the nuclei of bovine, porcine, rabbit, goat and sheep oocytes without DNA staining because of their high lipid contents [1] . Therefore, in bovine NT, enucleation has been attempted by several methods such as the blind technique, Hoechst staining combined with UV irradiation and the chemically assisted method [1] . In blind enucleation, the removal of metaphase II (MII) chromosomes is usually carried out blindly by aspirating or pushing out the cytoplasm underlying the first polar body (PB1). The rate of successful enucleation by this method is reportedly lower than those of Hoechst staining and chemical treatment [2, 3] . On the other hand, enucleation using UV irradiation after staining of the oocyte DNA with Hoechst dye is an efficient and reliable method, but exposure of the recipient oocytes to Hoechst dye and UV irradiation may have detrimental effects on their DNA and cytoplasmic organelles [1, 4] . Enucleation of oocytes after treatment with chemicals (e.g., demecolcine [2] ) is also an efficient method, but the oocytes may be exposed to potentially harmful chemical stresses [5] .
Recently, Jeon et al. reported that blind enucleation of pre-denuded oocytes raises the enucleation success rate to the same level as that of chemically assisted enucleation [3] . In this method, recipient oocytes are denuded of cumulus cells after 12 h of in vitro maturation (IVM) at the metaphase I stage, subsequently cultured for an additional 6 h until nuclear maturation and enucleated [3] . Malenko et al. also demonstrated that removal of cumulus cells at 15 h after IVM leads to a high success rate of enucleation [6] . These reports suggest that the removal of cumulus cells prior to PB1extrusion is effective for blind enucleation. The low efficiency of conventional blind enucleation is probably a result of displacement of the PB1 in the perivitelline space of oocytes by vortexing and pipetting after PB1 extrusion [3, 6] .
The purpose of the present study was to determine the optimal timing of cumulus cell removal for obtaining a good enucleation rate of recipient oocytes by the blind enucleation method. We compared the enucleation success rates of recipient oocytes from which cumulus cells were removed at 12 [3] , 15 [6] or 18 h after IVM. In vitro developmental ability of somatic cell NT (SCNT) embryos derived from these enucleated oocytes was also examined. In addition, to examine the effect of vortexing during the removal of cumulus cells on enucleation efficiency, cumulus cells were removed from cumulus-oocyte complexes (COCs) by vortexing at two speeds (low-and high-speed vortexing) or repeated pipetting.
Under the culture condition used in the present study, 1.0 ± 0.8%, 23.4 ± 1.9% and 59.5 ± 3.1% of the oocytes exhibited the MII stage at 12, 15 and 18 h of IVM, respectively (Table 1) . We examined the percentage of PB1 extrusion in the oocytes denuded at 12 or 15 h of IVM and cultured for an additional 6 or 3 h (18 h of IVM in total) and those denuded at 18 h of IVM. As shown in Table 2 , after 18 h of IVM, the timing of denuding did not affect the percentages of oocytes with an extruded PB1 (69.3 to 75.6%). These results are consistent with the findings of the study by Jeon et al., which reported that the removal of cumulus cells at 12 h of IVM did not affect the subsequent PB1 extrusion [3] .
The oocytes with a PB1 were then subjected to blind enucleation. In contrast to the PB1 extrusion rate, the enucleation success rate was affected by the timing of cumulus cell removal ( Table 2 ). In oocytes denuded by high-speed vortexing, the enucleation rate was significantly higher when cumulus cells were removed at 12 h of IVM (81.7 ± 1.5%) than at 18 h (67.8 ± 2.0%) (P<0.05). By low-speed vortexing and pipetting or pipetting alone, however, there were no significant differences in the enucleation success rate among oocytes denuded at 12, 15 and 18 h of IVM. These results suggest that high-speed vortexing may change the location of the PB1 from the original site of extrusion [7] , whereas low-speed vortexing and pipetting or pipetting alone may keep the PB1 near the site of extrusion. In order to examine this possibility, we compared the relative location of MII chromosomes and the PB1 to the oocyte center by staining oocytes with Hoechst dye after cumulus cell removal at 12, 15 or 18 h of IVM by pipetting or vortexing at low-or high-speed ( Fig.  1 ). After high-speed vortexing, the percentage of oocytes in which MII chromosomes were located adjacent to the PB1 (0°-15°) was slightly lower in the oocytes denuded after PB1 extrusion (at 18 h of IVM; 59.8 ± 7.0%) than that in oocytes denuded prior to PB1 extrusion (at 12 h of IVM; 76.8 ± 4.7%), although the difference was not statistically significant. On the other hand, in the oocytes denuded by pipetting or low-speed vortexing and pipetting, the timing of cumulus cell removal did not affect the relative location of MII chromosomes and the PB1; 71.1 to 76.9% of oocytes had MII chromosomes adjacent to the PB1. These results indicate that the removal of cumulus cells by vortexing after PB1 extrusion (18 h of IVM) leads to a low enucleation rate due to the movement of the PB1 from the site of extrusion during vortexing, and that this can be avoided by the removal of cumulus cells by pipetting alone or low-speed vortexing and pipetting. Atabay et al. have also demonstrated that minimizing the time of vortexing (0.5 min and then pipetting) produces a high enucleation rate by maintaining the PB1 close to the site of extrusion [8] . Therefore, when cumulus cells are to be removed after PB1 extrusion, the use of oocytes denuded by pipetting after vortexing at a low speed or for a short period as well as by pipetting alone should be more effective in achieving a high enucleation rate.
We examined the in vitro developmental ability of SCNT embryos using recipient oocytes denuded at 12, 15 or 18 h of IVM. As shown in Table 3 , the timing and method of cumulus cell removal from recipient oocytes did not affect the rate of fusion between the donor somatic cell and the recipient oocyte or the cleavage and blastocyst formation rates of SCNT embryos. The cell number and the ratio of the inner cell mass cell number to the total cell number (ICM ratio) at the blastocyst stage are shown in Table 4 . There were no differences in cell number and ICM ratio among blastocyst-stage SCNT embryos derived from recipient oocytes denuded at 12, 15 and 18 h of IVM. These results are consistent with those reported using oocytes denuded at 12 h [3] . Li et al. also reported that the removal of cumulus cells at 8 h of IVM decreases the blastocyst formation rate of parthenogenetically activated oocytes, but does not affect the cleavage and blastocyst formation rates and the cell number of SCNT embryos [8] . The results of previous studies [3, 8] and those of ours suggest that removal of cumulus cells from 8 h of IVM and onward should not have a negative effect on the developmental ability of SCNT embryos. However, in order to determine whether pre-denuded oocytes can be used for producing cloned cattle, further studies are necessary to examine the in vivo developmental ability of SCNT embryos.
In summary, the present study indicated the removal of cumulus cells by high-speed vortexing after PB1 extrusion moved the PB1 from the original site of extrusion and reduced the enucleation rate of recipient oocytes. However, the timing of denuding oocytes by pipetting alone or by low-speed vortexing and pipetting did not affect the enucleation rate. The results of the present study suggest that, in cattle, high-speed vortexing is effective only for denudation prior to PB1 extrusion, but pipetting or low-speed vortexing followed by pipetting can be used for successful blind enucleation of IVM oocytes regardless of whether the PB1 is extruded.
Methods

Recipient oocytes
Ovaries were obtained from a slaughterhouse, transported to the laboratory in PBS and stored for 4 to 20 h at 15 C [9] . Bovine COCs were collected from ovarian follicles of 2 to 6 mm in diameter and then cultured in TCM-199 (Gibco, Invitrogen, Grand Island, NY, USA) with 10% fetal bovine serum (FBS; HyClone Laboratories, Logan, UT, USA), 100 IU/ml penicillin G potassium (Meiji Seika, Tokyo, Japan) and 100 µg/ml streptomycin (Meiji Seika) under 5% CO 2 in air at 38.5 C.
To examine the effects of timing of removal of cumulus cells on the enucleation rate and in vitro development after SCNT, cumulus cells surrounding oocytes were removed at 12, 15 or 18 h of IVM. Denuded oocytes at 12 and 15 h of IVM were cultured in fresh IVM medium for an additional 6 and 3 h, respectively (18 h of IVM in total). Cumulus cells were removed from COCs by pipetting or vortexing at different speeds (low-and high-speed vortexing) in a 15 ml conical tube (BD Falcon, Becton, Dickinson, Franklin Lakes, NJ, USA) containing 600 to 700 µl of M2 medium with 0.1% hyaluronidase (Sigma-Aldrich, St. Louis, MO, USA) for 3 min using a vortex mixer (Reax Top, Heidolph Instruments, Schwabach, Germany). On the Reax Top, the lowest speed was selected for low-speed vortexing (the speed control knob was located at the first division of 6), and we set the speed control knob at around the second division for high-speed vortexing. Denudation of oocytes after low-speed vortexing was completed by gentle pipetting, because the low-speed vortexing could not remove cumulus cell completely.
Donor cells
Donor cells were prepared as previously described [10] . Briefly, fibroblast cells were obtained from ear skin tissue of a Japanese Black cow. The tissue was chopped finely, and small pieces were seeded in Dulbecco's Modified Eagle's Medium (DMEM, Sigma-Aldrich) supplemented with 10% FBS, 100 IU/ml penicillin G potassium and 100 µg/ml streptomycin under 5% CO 2 in air at 38.5 C. The cultured fibroblast cells were frozen and stored at -80 C until use. Before NT, fibroblast cells were serum-starved in DMEM supplemented with 0.5% FBS for 5 to 7 days after reaching approximately 80% confluence.
SCNT and embryo culture
SCNT was performed as described previously [10] . Briefly, after IVM culture for 18 h, the oocytes were enucleated by pushing out the cytoplasm underlying the PB1. Successful enucleation was confirmed by staining the cytoplasm pushed out with 5 µg/ml Hoechst 33342 (Sigma-Aldrich) under a fluorescence microscope. Donor cells were transferred to the perivitelline space of enucleated oocytes. The oocyte-cell complex was sandwiched with a pair of electrodes in Zimmermann mammalian cell fusion medium [11] , and a single direct-current pulse of 25 V was applied for 10 µsec for oocyte-cell fusion. The SCNT embryos were chemically activated 1 h after fusion. Chemical activation was accomplished by treatments of 10 µM calcium ionophore A23187 (Calbiochem, Merck KGaA, Darmstadt, Germany) in PBS for 5 min, 2.5 µg/ml cytochalasin D (Sigma-Aldrich) and 10 µg/ml cycloheximide (Sigma-Aldrich) in TCM-199 with 10% FBS for 1 h and then 10 µg/ml cycloheximide alone for 4 h. After chemical activation, the SCNT embryos were cultured in CR1aa medium [12] with 3 mg/ml bovine serum albumin (fatty acid free, Sigma-Aldrich) for 48 h under 5% O 2 , 5% CO 2 and 90% N 2 at 38.5 C. Cleaved embryos were then cultured in CR1aa medium supplemented with 2.5% FBS under 5% O 2 , 5% CO 2 and 90% N 2 at 38.5 C until Day 8 (Day 0 = the day of NT).
Evaluation of nuclear status in oocytes
Denuded oocytes were mounted on glass slide, and fixed in ethanol:acetic acid (3:1) overnight and stained with 1% aceto-orcein. The stage of nuclear maturation was observed under a phase-contrast microscope.
Relative location of MII chromosomes and the PB1 to the oocyte center
Measurement of the relative location of MII chromosomes and the PB1 to the oocyte center was performed according to the method described by Sugimura et al. [14] . After 18 h of IVM culture, the oocytes with a PB1 were stained with 10 µg/ml Hoechst 33342 for 10 min and examined under a fluorescence microscope. The chromosome location of MII oocytes was classified into 1 of 3 groups according to the angle formed by two lines: the first line from the oocyte center to the PB1 and the second line from the center to the MII chromosomes (0°-15°, 16°-30° and 31°-180°).
Differential staining of blastocysts
Differential staining of the ICM and trophectoderm (TE) of blastocysts on Day 8 was performed according to the method described by Thouas et al. [13] . Briefly, the blastocysts were treated with 100 µg/ml propidium iodide (Sigma-Aldrich) in 1% (v/v) Triton X-100 (Nacalai Tesque, Kyoto, Japan) for 40 sec and then stained with 25 µg/ml Hoechst 33342 in 99.5% ethanol at 4 C for 2 h. After washing in glycerol (Nacalai Tesque), the blastocysts were mounted on slides, covered with coverslips and examined under UV light using a fluorescence microscope. This procedure results in blue fluorescence for bisbenzimide-stained ICM nuclei and pink fluorescence for TE nuclei stained with both fluorochromes. The ICM ratio of the blastocysts was then determined for evaluation of the embryonic quality.
Statistical analysis
The experiments were repeated at least three times in each treatment. Statistical analysis was performed after arcsine transformation of the percentage data. Differences among treatments were analyzed by the Tukey-Kramer multiple comparison test. A value of P<0.05 was considered to be significant.
